I N T R O D U C T I O N
Copepods are the major component of mesozooplankton throughout the world's oceans (Verity and Smetacek, 1996) and play an important role in the marine ecosystem linking primary production to upper trophic levels and accounting for up to 80% of the metazoan biomass in the marine environment (Kiørboe, 1997) . Over the past few decades, copepod productivity has become a central aspect of marine plankton research (Runge and Roff, 2000) . However, without accurate information on copepod rate processes, our understanding of the trophodynamics of the marine ecosystem will remain incomplete (Longhurst, 1984) . Growth is one of the key components required to assess the role of copepods in the matter and energy flows in the sea, yet the in situ estimation of somatic growth rates is seldom undertaken because it is time consuming and labor intensive.
At present, we know relatively little about the growth rates of juvenile copepods in nature, with the majority of such work having been done in temperate waters (10-20°C) . Increasingly, the egg production approach has been adopted for estimating the growth rate and secondary production of copepods (Poulet et al., 1995; Runge and Roff, 2000) , yet the equivalence of egg production and somatic growth rate has been frequently challenged Richardson and Verheye, 1998; Hirst and McKinnon, 2001; Hirst et al., 2005) . Although there is abundant information on egg production rates in cold waters, very little somatic rate work has been done (Hirst and Bunker, 2003) because of the relatively long incubation times required.
Metridia species are ubiquitous throughout the world's oceans, occurring from temperate to subpolar waters (Brodsky, 1967) , typically undergoing strong diel vertical migration (Batchelder, 1985; Hattori, 1989) . In the subarctic Pacific, Metridia pacifica is the most common species, is broadly distributed and is among the major components of the zooplankton seasonal cycle (Batchelder, 1985; Vidal and Smith, 1986; Coyle et al., 1990; Incze et al., 1997; Cooney et al., 2001; Pinchuk, 2003, 2005; Padmavati et al., 2004) . Among the larger-bodied copepods, they are second in abundance only to Neocalanus species in spring and early summer, and often rank first during the fall-winter season after the departure of Neocalanus species and Eucalanus bungii from the upper mixed layer (Batchelder, 1985; Vidal and Smith, 1986; Pinchuk, 2003, 2005; Padmavati et al., 2004) . Hence, Metridia is ecologically important in the subarctic Pacific during the fall-winter season (Batchelder, 1986; Padmavati et al., 2004) and exerts significant pressure on the phytoplankton during this time (Batchelder, 1986) . Several higher trophic levels rely on Metridia species as a major component of their diet, such as herring, walleye Pollock and salmon (Brodeur, 1998; Foy and Norcross, 1999; Moku et al., 2000; Armstrong et al., 2005) .
Hitherto, several studies of life cycles and grazing impact have been done on Metridia species in the north Pacific (Shebanova, 1977; Batchelder, 1985 Batchelder, , 1986 Hirakawa, 1991; Hirakawa and Imamura, 1993; Ikeda et al., 2002; Padmavati et al., 2004) . Despite their prominence, our knowledge on measured vital rates of Metridia is still limited to early development (Pinchuk and Paul, 1998) , the mean growth rate from C1 to C5 for M. pacifica (Vidal and Smith, 1986) , laboratory development times (Padmavati and Ikeda, 2002) and recent data on egg production (Halsband-Lenk, 2005; Hopcroft et al., 2005) . Detailed data on juvenile growth of M. pacifica, and its functional relationship with other factors such as temperature, chlorophyll a (Chl a) and body weight, are still missing.
The traditional approach to estimate the in situ rates of copepod growth and development involves tracking of natural cohorts by frequent sampling. Realistically, this can only be applied to coastal species, and for oceanic species, the requirement of frequent sampling of a discrete population can seldom be met, particularly in the northern Gulf of Alaska because of its highly advective nature (Weingartner et al., 2002; Stabeno et al., 2004) . We employed the 'artificial-cohort' method (Kimmerer and McKinnon, 1987) to overcome this obstacle, using techniques recently validated for Neocalanus (Liu and Hopcroft, 2006) . Here, we present seasonal juvenile growth rates and developmental time of M. pacifica in the northern Gulf of Alaska. We explore the functional relationships between growth and food availability, temperature and body size, compare estimated in situ somatic growth rate with predicted values by published models and finally develop an empirical predictive model.
M E T H O D
Samples were collected and experiments conducted during the US GLOBEC Northeast Pacific Long-Term Observation Program (LTOP) (Weingartner et al., 2002) . The study region is characterized by a shelf of 100-300 m depth, with complex bathymetry and many deep-water coastal fjords and embayments (Fig. 1) . , six cruises were conducted in March, April, May, June/July, August and October Three more cruises occurred in March, May and June/July of 2004. Experimental work was carried out at four stations along the Seward line from inshore to just past the shelf break (i.e. GAK1, 4, 9 and 13) and one station along the western inner passage of Prince William Sound (PWS-either KIP2 or PWS2) where the depth is 500-800 m (Fig. 1) . Water samples for the assessment of ambient phytoplankton concentration at these stations were collected at multiple depths by 5-L Niskin bottles on a CTD rosette, serially size-fractionated using 20 mm Poretics, 5 mm Nuclepore and GF/F filters, with frozen samples later analyzed fluorometrically for Chl a concentration (D. A. Stockwell and T. E. Whitledge, unpublished data).
Experimental methodology is identical to that previously employed successfully for Neocalanus species (Liu and Hopcroft, 2006) . Seawater for incubations at each station was collected by replicate CTD casts with a 12-place rosette of 10-L Niskin bottles equipped with 9-mm valves. Collections were typically made within the upper mixed layer, usually from 5 to 20 m depth, but at inshore (GAK1) and PWS stations, the depths for collection were occasionally deepened to avoid salinities <30 caused by melting snow and glaciers. Incubation seawater was pre-screened through 100-mm Nitex mesh sacs placed over the ends of Tygon tubing while siphoning the bottles into 20-L softwalled carboys. Once filled, carboys were stored in large insulated fish tubs ($1 m 3 capacity) rigged as flow-through incubators. The insulated lids of the incubators were fitted with numerous 8-cm plexiglass windows and reduced lighting to $20% of ambient surface illumination. Food concentrations of incubation seawater at the beginning and the end of experiments were measured as size-fractionated Chl a using the same protocols and fluorometric techniques employed for monitoring activities.
At each of the experimental stations, copepods were collected using a 64-mm plankton net with 4-L cod-end fished slowly from the surface to 50 m and back to the surface ($20 m 3 of water) between 0800 and 1200 h.
Immediately on retrieval, copepod collections were diluted using the pre-screened seawater and placed into an incubator at ambient surface water temperatures. Soon after, copepods were sorted into 'artificial cohorts' (Kimmerer and McKinnon, 1987; Peterson et al., 1991; by sequential passage through submerged screens of the following mesh sizes: 1800, 1300, 1000, 800, 600, 500, 400, 300, 200, 150 and 100 mm. The sample was constantly diluted with pre-screened water cooled at ambient seawater temperature, and as each cohort size class was created, it was placed into an incubator at ambient seawater temperature. Under ideal conditions, this cohortcreating process took 1 h and as much as 3 h when chains of large filamentous algae were abundant. Before incubation, each size fraction was gently homogenized and evenly divided. One-half was concentrated and preserved in 5% buffered seawater formalin as the time zero sample (T-0), and the other half equally divided among several of the 20-L carboys previously filled with pre-screened seawater. The number of carboys employed varied depending on the biomass of copepods being added. The labeled carboys were put back into the on-deck incubators and maintained at surface water temperatures by running seawater. The temperature variation inside the incubators was recorded by Onset Tidbit loggers. It was considered that the ship movement was sufficient to keep phytoplankton in suspension during the incubation. After 5 days (in March, April and May) and 4 days (in June/July, August and October), the carboys were filtered through 45-mm sieves, copepods were pooled by the original size fractions and preserved immediately in 5% buffered seawater formalin as the final sample (T-5 or T-4). All preserved material was stained with Rose Bengal.
Back in the laboratory, preserved copepods were identified to species and stage, prosome lengths were digitally measured (Roff and Hopcroft, 1986) , and the progression of the cohorts was determined by changes in the stage and body size. Development time was calculated as 1/MR, where MR is the observed molt rate. Copepodite dry weights were predicted from a length-weight relationship developed for M. pacifica in the northern Gulf of Alaska: log 10 DW = 3.29 Â log 10 PL À8.75 (r 2 = 0.98, n = 83), where PL is prosome length in mm and DW dry weight in mg (Fig. 2) . This length-weight relationship was determined by placing measured copepods in pre-weighed pans, drying at 55°C for 24 h, and then weighing to ±0.1 mg using a Cahn Microbalance. Single, fresh copepods, immobilized with several drops of formalin, were used for each length-weight measurement for C4-C6. Smaller stages were grouped, with up to 10 C1 of similar lengths (within 25 mm), and fewer C2-C3, employed for each weighing. To convert dry weight (DW ) to carbon weight (CW ), we used a conversion coefficient of 0.4 (Båmstedt, 1986) . The instantaneous growth rates (day
À1
) within a given cohort over the incubation time t (days) were computed from the equation g = (ln W tln W 0 )t À1 where W 0 and W t are the mean dry weight of artificial cohorts at the beginning and the end of incubation period t (days), respectively (Runge and Roff, 2000) .
An empirical equation to predict the juvenile growth of M. pacifica was developed by stepwise multiple linear regression analysis, and the relative effects of initial copepodite stage, body weight, temperature, Chl a concentration and their interactive influences on growth rates were analyzed (SAS system V9). Non-linear models were fitted using a combination of SAS (V8) and R (V1.8.1), with equivalent r 2 calculated from appropriate model sum of squares (Anderson-Sprecher, 1994) . We explored the explanatory power of Chl a measured both within our experiments and present in the upper 30 m at the time of collection. We also compared the measured growth rates with those rates predicted by models. Growth rates were standardized to 5°C using Q 10 of 2.70 for food-saturated broadcast-spawning copepods (Hirst and Bunker, 2003) . For other analyses, we used the regression features within Sigmaplot (V8 & 9).
R E S U L T S Environmental conditions
The field experiments were carried out in 4 consecutive years, which cover the productive period in the northern Gulf of Alaska. Incubation temperature varied seasonally similar to that of the upper mixed layer, but the differences among stations within a cruise were insignificant ( high ($1 mg m À3 ) and uniform across sampling stations (Fig. 3) . The total Chl a measured within incubation experiments and that present in the upper 30 m at the time of collection were not significantly different except during the spring bloom when large diatoms were removed by the pre-screening process.
The seasonal partitioning of size-fractionated Chl a within the pre-screened seawater was variable. The larger particle Chl a (>20mm) accounted for 41-46% of the total during the spring bloom (April and May) and $20% at other times. The $0.5-5 mm fraction averaged 25-35% of the total Chl a during the spring bloom and was relatively high (50-60%) during the summer and fall. The medium-size-fraction Chl a (5-20 mm) averaged 20-30% throughout.
Development and growth rate
Copepodites C1-C5 of M. pacifica occurred within the upper 50 m mixed layer through all sampling seasons in the northern Gulf of Alaska, while the estimated development and growth rates exhibited a variable pattern (Fig. 4) . Seasonally, the longest stage durations and lowest growth rates were observed in March, then growth rates increased progressively to the highest in October with corresponding short stage durations (Fig. 5) .
C5 data were limited and contributed substantially to variability; patterns became clearer when C5 data were removed. Generally, M. pacifica copepodites (C1-C2) had relatively slower growth and longer stage durations in March at 0.049 ± 0.032 day À1 and 25.5 ± 4.0 days (mean ± SE), respectively, while in April copepodites (mainly C1-C4) tended to grow faster compared with the previous month. The growth rates and stage durations (mean ± SE) over 4 years in April were 0.092 ± 0.008 day À1 and 14.8 ± 1.8 days, while the monthly mean growth rates and stage duration were not significantly different in . In May of 2002-2004, most copepodites from C1-C4 had shorter stage durations of 10.6 ± 2.0 days and underwent optimal growth at 0.116 ± 0.011 day
À1
. In July and August of 2003, the monthly mean growth rate and stage duration for copepodites at C1-C3 were significantly different and were more variable in July (Fig. 5) After the removal of seasonal temperature influences on growth and development, the standardized growth rates over 4 years tend to decrease with increasing stage, while developmental time is slightly longer (Fig. 6) . The mean growth rates for copepodite stage C1 in 2002 and 2003 were not significantly different, while both were significantly lower than in 2004. Over 4 years, the mean growth rate of C1 corrected to 5°C was 0.091 ± 0.010 day À1 with the stage duration of 16.3 ± 2.3 days (mean ± SE). For copepodite stage C2-C4, the growth rates after standardization were consistently higher in 2004 because of only spring data, and the slowest rates always occurred in 2003, while the rates in 2001 and 2002 were intermediate (Fig. 6 ). The growth rates and stage durations for M. pacifica copepodite C2 over 4 years were 0.090 ± 0.008 day À1 and 13.1 ± 1.4 days, respectively. For copepodite stage C3, the mean growth rate and stage duration over 4 years were 0.090 ± 0.007 day À1 and 11.9 ± 1.5 days. The growth rate started to slow down at copepodite C4 (0.054 ± 0.009 day 
Functional relationships to growth rate
Temperature and body size are two determinants of copepod growth; however, both were only modestly correlated with the growth rate of M. pacifica in this study.
Simple linear regression models of temperature versus growth rates were significant for C1, C2 and C3 with corresponding r 2 of 0.20 (P = 0.016), 0.28 (P = 0.002) and 0.21 (P = 0.025), respectively, while these relationships were not significant for C4 and C5. Similar analysis indicated that growth rate was positively related to body size for each early copepodite stages (C1, C2, C3 and C4), but not significantly. Stepwise multiple regression analysis selected incubation temperature, Chl a, initial stage and body size as significant explanatory variables in the bestfitted model with r 2 = 0.42 and P < 0.0001 (Table I) . After removing temperature effects on growth, through Q 10 (2.7) standardization, the growth rates of M. pacifica followed a significant Michaelis-Menten relationship with Chl a concentrations (Fig. 7, Table I ). Copepodite C1, C2 and C3 were grouped together because of their similar response curves of growth rate to Chl a when regressed individually. The Michaelis-Menten relationship for the group combining C4 and C5 together was also explored. The C1-C3 group and C4-C5 group exhibited a similar Michaelis-Menten relationship with Chl a concentration, and 35 and 45% of variance in growth was significantly explained by Chl a concentration, respectively. For the group combining C1 and C5 together, Chl a still explained 28% of the variance in growth rate. Moreover, the saturated growth rate (g max ) and half-saturated Chl a concentration (K chl ) for C1-C3 and C1-C5 groups were very similar with 0.136-0.149 day À1 and 0.602-0.610 mg m
À3
, correspondingly. The C4-C5 group tended to be more Chl a dependent than earlier stages with high half-saturated Chl a concentration (K chl ) of 1.50 mg m À3 and the saturated rate of growth of 0.102 day À1 (Table I ). The inclusion of body weight in addition to the Michaelis-Menten relationship to chlorophyll produced the most satisfying single model, accounting for 35% of the variance in growth rate for C1-C5, with g max of 0.144 day À1 and K chl of 0.646 mg m
.
D I S C U S S I O N Development
To date, only a few attempts have been made in the field to estimate the development time of M. pacifica. In most of our experiments, all stages of M. pacifica were present because of the overlap of three generations in this region (Batchelder, 1985) . In this study, the estimated development times (corrected to 5°C) appear comparable with the few previous estimates for this species determined in the laboratory or through following natural cohorts in the field (Table II) . Based on this study, at 5°C, it would take $60 days for M. pacifica to grow from copepodite stage C1 to C5 in the northern Gulf of Alaska, consistent with the $65 days estimated in the laboratory (Padmavati and Ikeda, 2002) , and >30-35 days estimated by natural cohort analysis during spring at colder temperatures (3-6°C) in the southeastern Bering Sea (Vidal and Smith, 1986) . Taking into account this study and other field estimates of development for M. pacifica, such as 3-4 months in the central Gulf of Alaska (Batchelder, 1985) , 2-3 months from egg hatching to C5 in the southern Japan Sea (Hirakawa and Imamura, 1993) and 2-3 months in the Oyashio region (Padmavati et al., 2004) , all estimates suggest that a 50-55 day generation length (including 20 days of naupliar development) in the Bering Sea (Vidal and Smith, 1986 ) is too fast. Owing to our shallow daytime sampling, and the strong diel vertical migration of M. pacifica at older copepodite stages (Batchelder, 1985; Hattori, 1989) , we were only able to sample relatively few C5s for estimating their stage duration. The reported stage duration for C5 here could be an overestimate, while it was comparable with 55 days estimated at same temperature in the laboratory (Padmavati and Ikeda, 2002) . Given 25-32 days of naupliar development estimated in the laboratory at 3-9°C in this area (Pinchuk and Paul, 1998) , the generation time for M. pacifica would be within 130-138 days, which is consistent with the 3-4 months determined in the central Gulf of Alaska (Batchelder, 1985) , <167.1 days estimated in laboratory (Padmavati and Ikeda, 2002) and >2-3 months estimated in the Oyashio region (Padmavati et al., 2004) .
Growth rate
To our knowledge, this study is only the second field study attempting to estimate the growth rate of M. pacifica in the subarctic Pacific. However, estimated rates in this study are somewhat inconsistent with the only other published rates, determined through the analysis of natural cohorts during the spring in the southeastern Bering Sea (Table II) . In our study, most growth rates fell below the range of 0.13-0.15 day À1 previously measured in the southeastern Bering Sea from March to July, and above the range reported during August and October (Fig. 4) . Both the overall mean growth rate of 0.114 day À1 and the standardized rate of 0.083 day À1 over 4 years appear Multiple regression Gr = a 1 + a 2 T + a 3 log Chl slower in this area compared with those in the Bering Sea. This difference could be explained by differences in food and temperature conditions between these two studies. Generally, the southeastern Bering Sea is a foodrich region (Fig. 3 in Vidal and Smith, 1986 ), compared with the coastal Gulf of Alaska (Fig. 3) . In April and May, temperature differences are minimal, so food concentration must be the main determinant of the difference of growth rates for both regions. During summer (July and August), the growth of large-sized copepods in this study may be suboptimal under conditions of relatively low food concentration and high temperature, because the critical food concentration required for large copepods increases with temperature (Vidal, 1980) . In this sense, unsurprisingly, our estimates and standardized growth rates tend to be lower than those in the southeastern Bering Sea. Nonetheless, growth rates estimated in this study are comparable with those of other calanoid species in the Gulf of Alaska (Table III) . The standardized rate of 0.083 day À1 for M. pacifica tends to be slightly slower than that of 0.105 day À1 for Neocalanus flemingeri/plumchrus (Liu and Hopcroft, 2006) , 0.118 day À1 for Calanus marshallae (H. Liu and R. R. Hopcroft, unpublished data) and close to 0.08 day À1 for Centropages abdominalis (Slater and Hopcroft, 2005) and 0.074 day À1 for Calanus pacificus (H. Liu and R. R. Hopcroft, this article). Given the relatively constant temperature and rich food conditions during the spring bloom in the Gulf of Alaska (in April and May), it is reasonable to expect relatively high rates for N. flemingeri/plumchrus and C. marshallae for which rate measurements have been made principally during that period. In contrast, the standardized growth rates of M. pacifica are averaged over longer periods, which include the lower productivity periods in the summer and fall, and are (not surprisingly) lower. It is interesting to note that the overall uncorrected mean juvenile growth rate of 0.114 day À1 over 4 years for M. pacifica is very close to the 0.10 day À1 rate for egg production estimated concurrently in 2002 (Hopcroft Table II 
Growth rate and its determinants
In general, the rates of copepod growth are most strongly affected by temperature (McLaren, 1978; Huntley and Lopez, 1992) , food concentration (Vidal, 1980; Kimmerer and McKinnon, 1987) and additionally by body size (Hirst and Lampitt, 1998; Richardson and Verheye, 1999; Hirst and Bunker, 2003) . In most cases, the interactive effects between temperature, food concentration and body size are confounded (Vidal, 1980; Hirst and Bunker, 2003) . In this study, temperature has been shown as a significant determinant of growth rate in statistical analysis (Table I) . In aquatic ecosystems, Chl a has long been considered a general index of food concentration, although it may be a poor predictor for some species (Hirst and Bunker, 2003; Bunker and Hirst, 2004) . In this study, its significant relationship with growth rate suggests that Chl a is a reasonable food index for copepodites of M. pacifica, and in particular the early copepodites. After removing the effect of temperature, the standardized growth rates for late stages (C4-C5) are more food dependent than for earlier stages (C1-C3) in this study, possibly due to the increasing critical food concentration for growth with increasing body size observed in the laboratory (Vidal, 1980) , and the food-limited growth more likely encountered by larger copepods in the field . Typically, M. pacifica mainly prey on phytoplankton during bloom conditions (Batchelder, 1986; Padmavati et al., 2004) . However, other studies on feeding appendages and gut contents suggest that M. pacifica might tend to be omnivorous when phytoplankton becomes scarce and be capable of feeding on dinoflagellates, tintinnids, radiolarians, copepod nauplii and detritus (e.g. Haq, 1967; Sullivan et al., 1975; Batchelder, 1986; Hattori, 1989; Padmavati et al., 2004; Halsband-Lenk, 2005) , and these food sources become more important after the spring bloom (Padmavati et al., 2004) . Given a long life span of multiple generations coexisting together, the diel vertical migration and a relatively short period of phytoplankton blooms in this study area, M. pacifica will encounter variability and variety in food items, and this no doubt accounts for the high degree of scatter in the chlorophyll relationship, especially at the lower chlorophyll concentrations outside the spring bloom (Fig. 7) .
Globally, the rates of copepod growth are negatively correlated with body size (Hirst and Lampitt, 1998; Hirst and Bunker, 2003) . However, a positive relationship between growth rate and body size within each copepodite stage was observed for N. flemingeri/plumchrus in the field (Liu and Hopcroft, 2006) ; for M. pacifica, a similar pattern is suggested but is not significant. Under favorable food conditions, animals within a stage that are growing rapidly tend to be larger in size than those growing slowly (Liu and Hopcroft, 2006) . The relatively constant temperature and optimal food conditions experienced during spring made this pattern clear for N. flemingeri/plumchrus, but feeding history and diet shifts occurring over spring through fall likely made this pattern unclear for M. pacifica. Here, we suggest that it is premature to make this within-stage observation a 'rule', and more laboratory and field observations are still required. In contrast, across stages, it appears that growth declines on average with increasing stage under most field conditions.
Comparison to global models
No matter what method is utilized for estimating copepod growth rate, all the traditional methods share common drawbacks of being time consuming and labor intensive. This limits the availability of growth rate data for specific species within given areas and favors the use of synthesis approaches (e.g. Huntley and Lopez, 1992; Hirst and Sheader, 1997; Hirst and Lampitt, 1998; Hirst and Bunker, 2003) . Modeling is appealing in that copepod growth rates can be predicted over large spatial and temporal scales on the basis of a few easily measurable parameters (temperature, body weight and food source), particularly where no directly measured growth rates are available. Global models should be highly representative for a range of species living in broad ecosystem types. Therefore, it is useful to explore the utility of these models for species in specific study cases. A comparison of our measured rates with the rates predicted from models was consistent with previous cases attempting to test these models (Peterson et al., 2002; Rey-Rassat et al., 2004) . Generally, the temperature-dependent model (Huntley and Lopez, 1992) appears overestimated, and the temperature-body weight model (Hirst and Lampitt, 1998) results in a more adequate match (Fig. 8) . Surprisingly, for early stages C1-C3, the predictions by the temperature-dependent model match direct measurements very well (Table IV) in part because the earlier stages may in general experience less food-limitation (e.g. .
Although the temperature-body weight model (Hirst and Lampitt, 1998) is, on average, more predictive than the temperature-dependent model, this model tends to underestimate when growth rates are high and overestimate when growth rates are low (Fig. 8) . More recent models, which incorporate temperature, body weight and Chl a (Hirst and Bunker, 2003) , come closer to our direct measurements of M. pacifica in the case of their 'adult broadcast spawners' and 'all-data' models, but their 'juvenile broadcast spawners' model results in 4-10-fold overestimation. Similar comparative patterns of agreement emerged in our comparison of these models with direct measurements for N. flemingeri/plumchrus (Liu and Hopcroft, 2006) . Clearly, the lack of good agreement is in part due to the lack of somatic growth rate data for species in subarctic waters. Therefore, some caution should be taken when using rates predicted by these models.
Clearly, more growth data that cover various ecosystem types are required for refining these models, especially for species living in cold waters (e.g. the subarctic Pacific). Advances in methodology are anticipated, which will generate more precise data (e.g. RNA/DNA, enzymes and molecular probes), but more time is needed to make them feasible and routine (Saiz et al., 1998; Yebra and Hernández-León, 2004; Yebra et al., 2005) . Until new methods under development come into use, the artificial-cohort method is the only technique that can be routinely employed at sea and simultaneously executed on all dominant species, regardless of its time and labor-intensive requirement post-cruise. Its utility for somatic growth determination has been proven for M. pacifica, as well as for other species living in this area (Liu and Hopcroft, 2006) . Hirst and Bunker (2003a) Measured rate (day Fig. 8 . Comparisons of the measured growth rates for Metridia pacifica, and growth rates predicted from the models of Huntley and Lopez (1992) , Hirst and Lampitt (1998) and Hirst and Bunker (2003) . Hirst and Lampitt's (1998) equation for all-data equation (adults and juveniles of both broadcast and sac spawners) and Hirst and Bunker (2003) : a, for juveniles broadcasters; b, for adult broadcasters; c, for all data combined. 
